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"Battle  in  Central  Europe  against  forces  of  the  Warsaw 
Pact  is  the  most  demanding  mission  the  U.  S.  Army  could  be 
assigned. . . .Warsaw  Pact  doctrine  anticipates  use  of  nuclear  weapons 
in... future  war,  but  teaches  preparedness  to  fight  without  them. 

For  both  conditions,  it  empka&^ze^  he/ivy  conczivtAcutioiUi  oJmoH.... 
Forces  opposing  Soviet  equipped  and  trained  troops  must  expect 
intense,  highly  mobile  combat,  [if  initiated,]  battle  will  be 
fought  on  a scale  and  at  a tempo  rarely  seen  in  all  history"  (from 
Field  Manual  100-5  (l)). 

The  U.  S.  Army  is  presently  developing  a bulk  explosive 
system  intended  to  make  possible  the  rapid  excavation  of  obstacles 
and  defensive  positions,  and  to  be  used  against  large,  prechambered 
targets.  It  is  also  intended  that  this  system  will  be  useful  for 
quarry  work,  and  as  a substitute  for  standard  military  explosives  as 
may  become  necessary  tinder  emergency  conditions.  It  is  not  generally 
recognized  that  the  Army  has  no  truly  suitable  explosive  available 
for  the  size  of  demolition  mission  between  those  normally  undertaken 
with  military  high  explosives  and  those  considered  suitable  for  the 
employment  of  atomic  demolition  munitions  (ADM's).  Bulk  explosives 
will  also  be  desirable  in  certain  cases  to  substitute  for  low-yield 
ADM' s where  field  commanders  must  have  the  ability  to  respond  to 
tactical  situations  unencumbered  by  nuclear  release  procedures  and 
employment  constraints. 

It  is  apparent  that  large  quantities  of  explosives  will  be 
routinely  used  on  bulk  explosive  system  missions.  It  is  also  readily 
apparent  that  the  greatest  need  for  obstacle  creation  will  occur  at 
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early  times  during  the  battle,  and  that,  to  be  efioctlve,  obstacles 
uill  have  to  be  pi-epared  with  great  speed.  Tlie  conclusion  is 
inescapable:  dui'ing  the  most  critical  engagiiiaents , tlicre  will  not 
be  tine  to  use  a bulk  explosive  system  tiiat  requires  tr^lnsport  from 
ammunition  supply  points  to  obstacle  sites.  The  system  must  be 
suitable  for  safe  storage  and  use  in  forward  areas,  so  that  it  may 
be  reipidly  employed  as  threats  are  perceived.  Also,  bulk  e.xplosives 
will  have  to  be  used  In  conjunction  with  a truly  rapid  emplacement 
capability,  since  timely  availability  of  tliese  explosives  will  do 
little  good  if  emplacement  means  are  wtuiting. 

liirnose  and  scope 

This  paper  sunmai'izes  the  charactex'istics  of  available 
bulk  explosive  systems,  and  evaluates  them  in  terns  of  military 
requirements.  It  also  discusses  the  continuing  develojiraent  of 
techniques  intended  to  place  effective  obstacles  and  defensive 
positions  on  time  using  bulk  explosives  under  anticipated  combat 
conditions. 

An  Evaluation  of  existing  iiulk  Itvplosives  Systems 
Bulk  explosives 

Bulk  e.xplosives  ax’e  a class  of  explosives  that  may  be 
handled  by  bulk  loading  techniques,  i.e.,  that  are  iiourable  or 
pumpable  d'uring  emplacement  operations.  They  are  characteristically 
used  in  large  quantities,  and  their  costs  per  unit  weight  are  nor- 
mally very  low  compared  with  those  of  high  explosives.  Bulk  explo- 
sives may  be  used  in  cartridge  form,  as  are  high  explosives.  How- 
ever, during  the  excavation  and  quarrying  applications,  for  which 
they  are  most  suited,  they  are  more  typically  placeil  directly  into 
holes  in  the  ground  without  packaging. 

In  this  report,  eight  bulk  explosive  types  will  be 

AHP’O  is  a dry  blasting  agent  composed  of  juiimoniiuii 
nitrate  and  fuel  oil,  usually  in  a 9^i  percent  to 
6 percent  ratio  by  weight.  Neither  ANFO  nor  any  other 
blasting  agent  contains  any  chemical  classified  as  an 
explosive,  and  all  require  high-explosive  primers  to 
induce  detonation.  ANFO  may  be  purchased  from  explo- 
sives manufactui'ers  or  field-mixed. 

Aluminized  AilFO  is  ANFO  containing  up  to  1*8  poi'cent 
particulate  aluminum  by  weight.  It  miiy  bo  jnirchased 
from  explosives  manufacturers  or  flevLd-mixed. 
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c_.  BasIc  field-mix  ulurry  blasting;  fluents  are  aL’uaoniurn 
nitrute-bnaed  formuiatlona  that  nay  be  nixed  in  the 
I'ield  from  commonly  available  chemicala  uaint;  pioneer 
handtoola  or  trimait-mix  concrete  delivei’y  trucks. 

These  and  other  blasting  agents  (ere  essentially  mix- 
tures of  oxidizers  (such  as  (s;unonium  nitrate)  and 
fuels  (such  as  fuel  oil  or  aluminum)  in  a liquid 
medium  thickened  with  a t.'un  e^i^d  gelled  with  a chemical 
called  a cross-linker.  Slurry'  blasting  agents  are 
strongly  water-resistant,  (md  may'  be  used  in  wet  soil 
charge  emplacements  without  protective  packaging. 

d.  Developmental  field-mix  aliuninized  sluiTy  blasting 
agents  are  advanced  two-  or  three-component  slurries 
that  may  be  mixed  in  large  quantities  in  the  field 
without  heating,  using  equipment  no  more  complex  than 
transit-mix  concrete  delivery  trucks.  A few  explo- 
sives manufacturers  have  done  i-esearch  to  develop 
such  products,  and  are  presently  considering  their 
sale  on  the  open  market. 

e^.  Commercial  slurry  blasting  agents  are,  for  the  pur- 
poses of  this  evaluation,  commercially  available 
sluriy  blasting  agents  that  contain  less  than  ‘.'b  i>er- 
cent  aluminum  by  weight.  These  products  are  factory- 
mixed  by  explosives  manufacturers. 

f . Highly  alumini'zed  commercial  slurry  blasting  agents  are 
commercially  available  slurry  blasting  agents  that  con- 
tain from  25  to  35  percent  aluminum  by  weight,  'i'hese 
products  are  factory -mixed  by  explosives  manufacturers. 

Commercial  slurry  explosives  are  similai’  to  c^munercial 
slurry  blasting  agents  except  that  they  contain  explo- 
sive compounds  as  sensitizers  in  place  of  (or  in  addi- 
tion to)  nonexplosive  fuels  such  as  fuel  oil  or 
aluminum.  They  may  or  may  not  be  cap-sensitive,  but 
all  are  classified  as  explosives  for  shipping  purposes, 
whereas  blasting  agents  are  not.  'I'hese  products  are 
factory-mixed  by  explosives  mtuuifacturers. 

h.  Cellod  nitromethane  is  a mix  of  nitromethane  (a  cliem- 
ic(xl  used  in  the  pharmaceutical,  dye,  insecticide,  and 
textile  industries),  a modified  guar  giua,  and, 
sometimes,  a cross-linker  that  increases  the  thick- 
ness and  water  resistance  of  the  nix.  It  is  field- 
mixed  with  specialized  equipment,  (Uid  is  not  normally 
cap-sensitive. 
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The  fact  that  blasting  agents  contain  no  chemicals  that  are 
classified  as  explosives  can  be  misleading  under  certain  circum- 
stances. ANFO  can  be  produced  in  cap-sensitive  form  by  using  finely 
pulverized  ammonium  nitrate,  and  slurry  blasting  agents  incorrectly 
made  with  finely  flaked  aluminum  become  similarly  cap-sensitive. 
Because  of  the  extreme  variability  possible  with  these  products,  care 
must  be  taken  to  ensure  that  the  particulai'  product  being  considered 
for  use  in  the  field  will  be  properly  handled.  A more  complete  back- 
ground on  blasting  agents  and  slurry  explosives  (2-^*),  a description 
of  a recent  experiment  in  the  field  mixing  of  a slurry  blasting 
agent  (5)>  and  a discussion  of  gelled  nitromethane  (6)  are  available. 

Candidate  systems  versus 
required  characteristics 

Table  1 lists  required  characteristics  and  mission 
statements  provided  by  the  U.  S.  Army  Engineer  School  (USAES),  and 
the  author's  Judgment  of  the  acceptability  of  each  of  the  eight 
defined  bulk  explosive  systems  for  each  listed  requirement  or 
mission.  Though  the  order  of  the  listed  items  has  been  changed  some- 
what, the  number  associated  with  each  item  is  that  from  the  original 
USAES  listing.  This  section  and  the  following  section  qualify  the 
evaluations  found  in  Table  1. 

ANFO  and  aluminized  AUFO.  These  products  are  rated 
unsatisfactory  for  required  characteristics  4,  5a,  and  9 because 
they  become  ineffective  when  exposed  to  water.  ANFO  is  considered 
unsatisfactory  for  required  characteristic  11  because  it  is  bulky 
and  the  least  efficient  cratering  explosive  (in  terms  of  charge 
weight)  of  the  eight  bulk  explosives  being  considered  herein.  Its 
great  popularity  in  industry  is  explained  by  its'  extremely  low  cost 
and  ease  of  mixing.  Watertight  packaging  is  frequently  used  to  pro- 
tect ANFO  products  from  ground  moisture,  but  such  packaging  is  not 
always  effective  and  may  lead  to  other  difficulties  such  as  static 
electricity  hazards  or  toxic  gas  formation  upon  detonation. 

Slurry  blasting  agents.  These  products  are  rated  marginal 
for  required  characteristic  5b  because  many  slurries  become  rigid  at 
freezing  temperatures,  in  addition  to  becoming  less  sensitive.  How- 
ever, special  formulations  are  available  that  maintain  fluidity  at 
freezing  temperatures.  Factory-produced  slurries  have  a shelf  life 
of  from  6 months  to  1 year,  depending  on  storage  conditions.  Thus, 
they  have  been  rated  unsatisfactory  for  required  characteristic  2. 

As  with  the  dry  blasting  agents,  slurry  blasting  agents  become  more 
efficient  cratering  explosives  with  the  addition  of  significant 
amounts  of  aluminvun.  The  basic  field-mix  slurry  blasting  agent  has 
been  rated  us  unsatisfactory  for  required  characteristic  because 
several  of  its  six  components  are  damaged  if  exposed  to  water  before 
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mixing  ia  coiapietod.  it  ia  rniod  Ksirginal  for  miuirod  charnc- 
teriatic  '[  bernuue  the  addition  of  the  mLnor  conatitaenta  (guar  gum 
and  erosa-linkor ) muat  he  or.roi'uiiy  handled  to  got  tdu'  rigl-.i  c-on- 
aiatonoy  in  tlie  final  mix.  i'he  deveiopmentai  fiold-iiiix  aluminlv.ed 
alui'ry  hlaating  agenta  are  j'attal  rnu'ginal  for  I’e.piired  charao ter la- 
tioa  2 and  it  becauae  these  iire  foreseen  ;ia  potential  probLein  areas 
for  which  satisfactory  per foiTtnuice  la  yirt  to  be  demons trfited. 

Commercial  a lurry  explosives.  These  products  have  m;my 
ctiaracterist  ica  in  coiiuaon  with  cc.Tjaerc  i:iL  alurry  blasting  tigenta. 
Thus,  they  are  rated  unsatisfactory  for  required  ctiaracteriati c C, 
;md  marginal  for  required  clr.u'acteristic  Sh  fi'r  the?  aiune  reasons  as 
the  co.iiraerciai  slurry  blasting  agents.  beoiuuie  they  cotitain  compo- 
nents that  are  classified  as  explosive  for  shipping  purposes,  they 
have  been  placed  iu  the  marginal  eategoi'y  foj  ct'quired  irharac- 
terlstica  1 and  6. 

("■el  led  n I tromethaiie.  The  guiu'  gtuu  used  iu  this  formula- 
tion must  be  (piickiy  dispersed  tn.roughout  the  Liquid  nltromethane 
vluriug  mixing  to  prevent  tlie  fvu-mation  of  lumps  that  are  difficult 
to  break  up.  Tims,  this  produet  is  rated  unsat  is  factory  for  i-e- 
quired  charaeteristie  7-  l.iquid  n I trometh.'uie  is  Sviluble  in  water, 
and  in  fact  can  be  sensitized  se.-.ewhat  by  the  addition  ot'  si:iall 
lunounts  of  water.  it  is  thert'fore  rated  as  unsatis factory  for  all- 
weather  mi.xlng  (required  eharncteristie  ) • (t  is  ffit.ed  marginal 
for  required  character  1st.  ies  1 ar.i  6 because  it  Is  not.  cc'mpatlble 
with  several  materials,  some  of  which  are  used  in  containers.  its 
storage  Is  also  subject  to  r.peci'ii  rules,  high-explosive  primers 
need  protection  when  used  in  nit  r j.mcth:.me , since  t.hls  elu'mical  cum 
partially  dissolve  mor.t  military  high  explosives.  i’'or  this  reason, 
and  bec.ause  gelievl  nitrometlume  is  more  susceptible  t-o  charge 
deterioration  under  severe  groicidwater  conditions  than  are  sliuries, 
it  is  rated  marginal  for  i-equirec  eharaeteristics  ba  and  9-  it.  is 
rated  m.arginal  for  reciuired  cb.aracterlst  ic  8 because  liquid  uitro- 
methane  vapors  are  considered  a moderate  health  liasard. 

Candidate  systems  v'er- 
sus  military  missions 


H.apid,  efficient,  economic  explor.ivt*  excavation  for  ^la^a- 
t ion  of  large,  efft'ctive,  ai'-t  iarmor  ch'staclcs . I ■ e c a u s c of  their 
crrattjring  efficiency  and  water  resistance,  highly  aluminlr.ed  slurry 
blasting  ngiMits  are  the  products  of  choice'  for  this  missli'u.  How- 
ever, tlie  fact  ory-mixed  product  does  not  riu'et  storage  requ  i re'meiit  s , 
and  frequent  stoek  t urnover  would  be  unecv'nomleai . The  ANM'  products 
do  not  have  tdu'  rt'i\uired  water  I'csistiuice  to  guarant.ee  nlsr. ion 
aocompiialiment . tlafety  is  oe'usidcred  prob lomat leal  with  slurry  ex- 
plosives and  gelled  nitrometlume. 
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Nonnuclear  alternative  to  small  ADM' a.  The  comments  of 
paragraph  13  apply  also  to  this  mission.  However,  charge  compact- 
ness has  added  importance  in  this  application  because  the  /l^M's  to 
be  replaced  are  very  small  devices  in  proportion  to  their  yields. 

Even  a very  compact,  efficient  bulk  explosive  night  not  be  suitable 
for  certain  small  ADM  missions.  Because  confinement  is  especially 
beneficial  to  the  performaince  of  an  aliminiced  product,  some  surface 
missions  might  be  accomplished  at  reduced  efficiency. 

Safe,  economical  storeige  near  planned  obstacles  for  mini- 
mum logistics  impact.  The  AMFO  products  and  the  field-mix  slurry 
blasting  agents  are  the  products  of  choice  for  this  mission.  Long- 
term storage  is  not  practical  with  state-of-the-art  factory-nixed 
slurries.  Safety  is  considered  problematical  with  slurry  explosives 
and  gelled  nitromethane. 

Able  to  replace  military  dynamite  and  atnnoniiim  nitrate 
cratering  charges  for  a wide  variety  of  military  explosive  missions. 

A readily  mixed,  two-part  aluminized  slurry  blasting  agent  would  be 
ideal  for  these  missions  because  of  its  efficiency  and  the  elimina- 
tion of  the  explosive  storage  requirement.  All  of  the  factory-nixed 
slurries  would  require  some  sort  of  special  storage,  as  would  gelled 
nitromethane.  The  ANFO  products  and  the  basic  field-nix  slurry 
blasting  agents  would  be  susceptible  to  water  damage  during  mixing, 
and  the  ANFO  products  could  be  rendered  ineffective  by  groundwater  as 
well.  However,  it  should  be  kept  in  mind  that  the  AJIFO  products, 
because  of  the  universal  availability  of  their  components  and  their 
ease  of  nixing,  could  be  used  as  emergency  supplements  to  the  Army 
demolitions  system. 

Techniques  for  the  Use  of  a Bulk  Explosive  System 

A concept  for  explosive 
barrier  ditch  creation 

Figure  1 presents  an  explosive  barrier  ditching  plan  that 
enables  troops  in  the  field  to  use  single-,  double-,  or  triple-ditch 
designs,  depending  upon  the  perceived  threat  and  available  prepara- 
tion time.  It  is  anticipated  that  the  single-ditch  design  would  be 
most  appropriate  for  use  where  the  barrier  trace  is  to  be  mined  and 
adequately  covered  by  the  fires  of  defending  units.  However,  where 
the  defeat  of  armored  vehicle  launched  bridges  (AVLB)  is  a require- 
ment, as  might  be  the  case  where  defending  fires  are  overcommitted, 
the  double-  or  triple-ditch  designs  could  be  used  (tine  permitting) 
to  increase  the  obstacles'  effectiveness. 

Figure  2 shows  schematic  cross  sections  of  the  ditches  pro- 
duced by  each  of  the  three  designs  shown  in  Figure  1.  The  double- 
ditch option  is  the  double-ditch  tank  trap  described  in  an  earlier 
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report  (j).  Note  that  the  charge  hole  depths  (1.5  n*),  tlie  in-line 
spacings  between  charges  (h  m) , and  the  spacings  between  charge  rows 
(l?  ni,  if  used)  are  always  the  s:une,  regardless  of  the  nature  of  the 
mediua  being  cratered.  All  three  ditching  designs  are  excavated  by 
the  simultaneous  detonation  of  all  of  the  buried  charges  after  the 
charge  holes  have  been  stemmed  (backfilled  above  the  emplaced 
charges)  to  the  original  surface  with  native  soil  from  the  digging 
operation. 

The  1.5-m  charge  hole  depth  has  been  chosen  because  it  in 
normally  practical  with  shaped  charges  and  hand  tools,  rapidly  exca- 
va.ted  with  backhoe  or  auger,  and  close  to  the  average  of  optimal 
charge  burial  depths  for  cratering  pui'poses  in  a variety  of  soils. 
The  availability  of  the  JD  UlO  tractor  within  the  Army  materiel  sys- 
tem allows  troops  to  use  either  the  backlioe  or  an  auger  to  make 
charge  holes,  depending  upon  the  specific  conditions  with  which  they 
are  faced.  The  backhoe  will  generally  be  best  for  the  digging  of 
charge  holes  for  stacked  charges  such  as  TNT,  and  for  the  emplace- 
ment of  large  charges  of  any  type  explosive.  Preliminary  field  test 
results  also  indicate  that  for  smaller  charges  in  clay  soils, 
backhoe-diig  charge  emplacements  prodr.ee  steeper  crater  side  slopes 
than  do  auger-dug  charge  emplacements.  Thus,  the  use  of  the  backhoe 
may  be  advantageous  for  the  production  of  obstacles  and  defensive 
positions  in  certain  situations.  However,  any  such  advantage  may  be 
offset  by  the  greater  digging  speeds  possible  with  the  auger  in  many' 
situations.  Further  field  tests  have  been  scheduled  to  quantify  the 
differences  between  backhoe-  and  auger-dug  charge  empD.aceraents  in  a 
variety  of  soils,  and  to  investigate  new  tecliniques  for  chai'ge 
emplacement. 

Table  2 shows  the  explosive  charge  weights  required  in 
each  hole  for  any  of  the  plans  in  Figure  1 for  obstacle  ditching  in 
a variety  of  earth  materials.  As  can  be  seen  from  the  wide  varia- 
tion in  the  weights  of  the  required  charges,  crater  size  is  greatly 
influenced  by  the  composition  of  the  cratered  medium.  The  effects 
of  soils  on  ditch  size  may  vary  greatly,  even  within  a very  small 
area  where  composition  differences  are  not  I’eadily  apparent.  For 
this  reason  the  recommended  charge  sizes  have  been  chosen  to  produce 
at  least  the  minimum  required  effect  in  ty'pical  earth  materials  of 
the  types  named.  However,  in  cases  where  the  soil  ty'pe  has  not  been 
determined,  the  largest  individual  charge  weight  for  the  explosive 
considered  (shown  in  boldfaced  type  in  Table  2)  may  be  used  as  a 
rule  of  thumb. 

By  projection  from  earlier  estimates  (7),  a lO-inan  crew 
with  a JD  hlO  tractor  should  be  able  to  complete  150  m of  the 
triple-ditch  design  in  a 12-hour  day.  Alternately,  the  same  crew 


* To  convert  metres  to  feet,  multiply  by  3. 280839- 
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Tabic  ? 

'llll’  --u.- ■ vil  g r.'f  !■  K’.^lo.iivo  bart-icr  Pitch  Pi-oduct  i o:i 


individual 
Weight  of 

Charge 

TNT* 

i'luU  iiua 

kg 

lb 

:'at  urat«‘  1 . ! ty  c lay 

20 

U 

Dry  s:uid,  ue.  k sandstones, 
and  shaiiui 

ItO 

88 

Wet  clay 

6o 

132 

Dry  gravelly  s-uid 

100 

221 

Dry  sandy’  clay 

160 

353 

Hole:  Kcr  nlJ  designs  in  this  table:  chax'ge  hole  depths 
= I.h  in;  in-line  charge  opaoings  = ii  n;  spacings  be- 
tween rows  = 11?  m.  (Design  basis  is  Keference  8.  ) 

* if  used,  liighlj'  aluniinised  sliu'ry  blasting  agent 
chiU’ges  would  be  about  60  percent  as  large  as  equally 
et't'ective  TDT  charges.  Exact  charge  weights  for  ani,' 
bulk  explosive  to  be  adopted  by  the  A^nny  will  be 
available  before  the  scheduled  date  for  type  clas- 
sification. Note:  To  convert  kilogriuns  to  pounds 
(mass),  multiply  by  2.205. 

should  be  able  to  complete  225  I’l  of  the  double-ditch  design,  or 
it5(J  m of  the  single-ditch  design,  in  a 12-iioiu'  day. 

An  explosively  exca- 
vated  t:mk.  position 

Figures  3-5  show  front,  side,  and  rear  views,  respectivelj'^, 
of  an  explosively  excavated  tiUik  position  created  during  recent  field 
tests  at  Fort  i’olk,  Louisituia.  Requirements  for  the  design  were  as 
follows : 

a.  TTie  tank  hull  must  have  full  protection  from  the  front 
and  both  sides  of  the  position. 

The  tank's  main  giui  m.ust  be  able  to  make  a full-circle 
traverse  at  normal  firing  elevations. 

c_.  The  tank  must  be  able  to  enter  and  leave  the  position 
from  the  rear  without  difficulty,  and  without  an,v  addi- 
tional preparation  after  the  initial  excavation. 
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Ficure  3.  Front  view  of  an  M6o  tank  in  an  explosively 
excavated  defensive  position 


Fifiiu'e  It 


Side  view  of  an  M6o  tank  in  on  explosively 
excavated  defensive  position 


Fifi’xre  'j.  Rear  view  of  lui  m60  tiuik  ir.  an  explosively 
excavated  defensive  position 

d.  The  explosiv'e  excavation  must  be  done  without  the  use 
of  delay  cups. 

All  design  requirements  were  met  by  the  experiment,  which  was  com- 
pleted in  1 hour. 

Figure  6 and  Table  3 give  specifications  for  the  creation 
of  the  hull-down  tank  position  using  TNT  in  a wet  clay  soil.  It 
sho\ild  be  remembered,  however,  that  this  design  is  still  under 
development.  Tests  have  been  scheduled  to  simplify  tlie  charge  array, 
and  to  examine  the  effects  of  different  soils  on  its  successful 
execution. 

Conclusions  and  Recommendations 


When  the  primary  bulk  explosive  system  requirements  for 
cratering  efficiency,  water  resistance,  and  long-term  none.xplosive 
storage  are  considered  together,  only  one  candidate  system  survives: 
the  easily  field  mixable,  liiglilj'  aluminized,  slurry  blasting  agent, 
iiowever,  such  an  advanced  system  is  still  at  a developmental  stage 
within  the  industry.  Tlie  present  Army  effort  to  accelerate  comple- 
tion of  this  development  appears  v'ery  likely  to  succeed;  it  is 
recommended  that  the  project  be  given  apipropriate  pirioritics  to 
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FRONT  OF  POSITION 


• NO  WIND  IS  NECESSARY.  THIS  CONFIGURATION  ENSURES  THAT 
STRONG  WINDS.  IF  PRESENT,  WILL  NOT  UNDO  THE  EFFECT  OF 
THE  EXPLOSIVE  DESIGN,  WHICH  PREVENTS  FALLBACK  FROM 
THE  SHOT. 


Kiguro  6.  Explo:jLve  tuil  1-down  Lank  position 
dcsi'jn  (plan  view) 
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Table  3 

Deslf^ii  Data  for  1‘Ixploaive  llull-Powii  Tank  Foriitior.  IVoduction 


Charge 

Weight 

Cliarge 

Hole  Depth 

of 

TNT 

Hole  No. 

m 

ft 

kp 

lb 

W1 

0.6o 

2.0 

1*1 

90 

W.? 

0.52 

1.7 

27 

60 

W3 

0.1*6 

1.5 

IS 

1*0 

wit 

0.1*0 

1.3 

12 

27 

LI 

1.15 

3.8 

20 

1*5 

L2 

1.01 

3.3 

ll* 

30 

L3 

0.88 

2.9 

9 

20 

Lit 

0.77 

2.5 

6 

13 

Total 

iW 

325 

IJote:  Duoign  basis  is  wet  clay  curve  (8).  Hole  depth  refers  to  the 
depth  of  the  empty  charge  hole  before  the  charge  is  added. 

Holes  must  be  backfilled  after  charges  are  placed  to  get  full 
excavation.  If  used,  highly  aluminized  slurry  blasting  agent 
charges  would  be  about  60  percent  as  large  as  the  'J’NT  chai'ges 
listed  above.  iJlurry  blasting  agents  are  also  much  more  read- 
ily emplaced  tiian  block  munitions.  A final  design  for  this 
excavation  using  the  bulk  explosive  to  be  developed  for  the 
Army  will  be  available  before  its  sclieduled  type  classification 
date. 

enable  the  DAHCOM  Project  Manager  for  Selected  Ammunition  to  achieve 
on-time  completion. 

The  constant  charge  depth  and  spacing  technique  for 
single-,  double-,  mid  triple-ditch  obstacle  production  (figure  l)  is 
ideal  for  use  with  a bulk  e.xplosive  system.  Lise  of  the  DAHCOM  slurry 
blasting  agent  with  this  simple  employment  technique  should  give  the 
Army  an  improved  capability  for  swift  and  effective  ditch  production. 
Future  emphasis  in  the  Military  Engineering  Applicatio.ns  of  fomciv'! — 
cial  ihcplosives  (MEACE)  program  will  be  on  increasing  charge 
emplacement  speed,  determining  the  exact  cratering  characteristic:: 
of  the  DAHCOM  selected  slui-ry  blasting  agent,  tmd  completing  designs 
for  explosively  excavated  defensive  positions.  It  is  reeorrxiended 
that  close  coordination  be  maintained  between  UfAElj  raid  tin  tf  if 
Ai'tay  Engineer  Waterway^  Experiment  F.tation  to  ensure  that  newly 
developed  bulk  explosive  systi.*m  emplojTient  techniques  will  be  reail,/ 
for  incorporation  into  doctrinal  literature  prior  to  tiio  system's 
availability  to  troop  units. 
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